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SIGNAL MIXER HAVING A SINGLE-ENDED INPUT AND A 
DIFFERENTIAL OUTPUT 

BACKGROUND 

Field of the Invention 

[0001] The present invention relates to mixer circuits. More particularly, the 
present invention relates to a signal mixer having a single-ended input and a 
differential output. 

Background Information 

[0002] Differential analog circuits have many advantages over single-ended designs 
that make them desirable to include in electronic systems. In particular, differential 
circuits have larger dynamic range, better common-mode and power supply rejection, 
and suppression of even-ordered distortion products. Most analog and radio 
frequency (RF) circuitry signals are single-ended at the board level, because of the 
difficulty in matching components and the requirement of doubling the number of 
components to implement a differential circuit. Therefore, analog and RF 
applications typically perform a single-ended to differential conversion at the input of 
the system's integrated circuits. 

[0003] In low-level RF applications, such as cellular phone, two-way radios, or 
satellite radio receivers, the signals presented at the input of the radio receiver are 
very low-level signals, requiring that the single-ended to differential conversion be 
performed with high linearity and little noise added. Many conventional mixers are 
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designed to receive a differential input, because differential signals aid in decoupling 
the system from noise in the integrated circuit substrate, thereby lowering the system 
noise figure, and making the circuit more immune to noise caused by other 
components located on the same substrate. Because the mixer is designed to receive a 
differential signal input, while the antenna generates a single received signal, the 
system must transform the single-ended signal into a differential signal somewhere 
between the antenna and the mixer. 

[0004] For example, many conventional low-noise amplifier (LNA) designs, such 
as, for example, in monolithic transceiver designs, are differential LNAs that require 
an external balun or an equivalent transformer to convert the single-ended signal into 
a differential signal. A balun is a device that is used to convert an unbalanced signal 
to a balanced one, or vice versa. However, the use of a balun can introduce 
approximately 0.5-1.0 dB of loss into the system. A differential LNA can also exhibit 
more noise than a single-ended LNA, if the power consumption is the same. 

[0005] Alternatively, a single-ended LNA can supply a single-ended signal to the 
mixer. FIG. 1 is a circuit diagram illustrating a mixer 100 that can be used in radio 
frequency communication systems. Mixer 100 includes a mixer section 101, 
comprised of transistors Ql, Q2, Q3 and Q4, and a radio frequency (RF) input section 
102, comprised of transistors Q5 and Q6. Transistors Q5 and Q6 are configured as a 
differential amplifier. Vrf is the single-ended voltage signal supplied from the LNA 
to one side of the RF input section 102, while the other side of the RF input section 
102 can be AC grounded. RF input section 102 converts the single-ended voltage 
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signal Vrf into two output currents, Iquti and loim- The mixer section 101 is a 
Gilbert-cell type double-balanced switching mixer. The mixer section 101 mixes the 
two output currents with a supplied local oscillator signal Vlo to generate the 
differential mixed output signal at terminals 125. 

[0006] The RF input section 102 includes first resistor 105 and second resistor 1 10 
connected to the emitters of transistors Q5 and Q6, respectively. First and second 
resistors 105 and 1 10 are degeneration resistors that serve to reduce the gain and 
improve the input linearity of the differential amplifier of the RF input section 102. 
Increasing the size of first and second resistors 105 and 110 can improve linearity, but 
at the cost of gain. The tail ends of first and second resistors 105 and 1 10 can be 
connected to ground, but to improve linearity, the tail ends of first and second 
resistors 105 and 110 can be connected to an active current source 120. However, the 
inclusion of the active current source 120 requires that significantly more voltage 
"head room" be available for operation of the mixer 100. Additionally, active current 
source 120 can introduce a large junction capacitance from the transistor of the active 
current source 120. The capacitance can degrade the single-ended-to-differential 
conversion, because a portion of the input signal will be shunted away by the 
capacitance of the transistor of the active current source 120. 



Customer No.: 23624 



3 



Attorney Dcx:ket No.: MP0330 



SUMMARY OF THE INVENTION 

[0007] A method and system are disclosed for converting a single-ended input 
signal to a differential output signal. In accordance with exemplary embodiments, 
according to a first aspect of the present invention, a single-ended-to-differential 
mixer can include a differential input circuit having a single-ended input. The 
differential input circuit is responsive to a single-ended input signal to generate first 
and second signals. The single-ended-to-differential mixer can include a passive tank 
circuit. The passive tank circuit can be in conmiunication between a reference voltage 
and the differential input circuit. The single-ended-to-differential mixer can include a 
mixer circuit. The mixer circuit can be in conmiunication with the differential input 
circuit and responsive to the first and second signals and a second input signal to 
generate a differential mixer output signal. 

[0008] According to the first aspect, the first and second signals can comprise first 
and second current signals, respectively. The differential input circuit can be 
configured as a differential amplifier to convert the single-ended input signal from a 
voltage signal to the first and second current signals. The mixer circuit can be 
configured as a double-balanced switching mixer for generating the differential mixer 
output signal as a product of the first and second current signals and the second input 
signal. According to the first aspect, the differential input circuit can include a first 
cancellation circuit and a second cancellation circuit. The first and second 
cancellation circuits can be responsive to the single-ended input signal. The first and 
second cancellation circuits can be in cross-communication with the differential input 
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circuit. The first and second cancellation circuits can cancel non-linear capacitance 
associated with the differential input circuit. According to an exemplary embodiment, 
the first and second cancellation circuits can each comprise a transistor. For each 
transistor, an emitter of the transistor can be in communication with a base of the 
transistor. Collectors of the transistors of each of the first and second cancellation 
circuits can be in cross-communication with collectors of the differential input circuit. 
According to an exemplary embodiment, the differential input circuit can comprise a 
first transistor and a second transistor configured as a differential amplifier pair. The 
single-ended input signal can comprise a single-ended radio frequency input signal. 
The passive tank circuit can provide a high impedance at a predetermined frequency 
of the single-ended input signal. The passive tank circuit can comprise an inductor. 
The passive tank circuit can further comprise a tuning capacitor arranged in parallel 
with the inductor. A resonant frequency of the inductor and tuning capacitor can be 
substantially centered around a predetermined frequency of the single-ended input 
signal. According to an exemplary embodiment, the mixer circuit can comprise a 
Gilbert cell mixer. The second input signal can comprise a local oscillator signal. 

[0009] According to the first aspect, the single-ended-to-differential mixer can 
include a limiter circuit in communication with the mixer circuit and responsive to the 
local oscillator signal. The limiter circuit can limit a swing range of the local 
oscillator signal applied to the mixer circuit. The single-ended-to-differential mixer 
can include a variable load in communication with the mixer circuit and responsive to 
the differential mixer output signal. The variable load can be configured to cause the 
gain of the single-ended-to-differential mixer to vary. At least the differential input 
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circuit, the passive tank circuit and the mixer circuit can be formed on a monolithic 
substrate. For example, a first cancellation circuit and a second cancellation circuit 
can be formed on the same monolithic substrate. The single-ended-to-differential 
mixer can comprise a mixer portion of a wireless transceiver. The single-ended-to- 
differential mixer can be compliant with a standard selected from the group consisting 
of 802.11, 802.11a, 802.11b, 802.1 Ig and 802.1 li. 

[0010] According to a second aspect of the present invention, a single-ended-to- 
differential mixer can include a differential input circuit means having a single-ended 
input means. The differential input circuit means can be responsive to a single-ended 
input signal to generate first and second signals. The single-ended-to-differential 
mixer can include a passive tank circuit means. The passive tank circuit means can be 
in communication between a reference voltage and the differential input circuit 
means. The single-ended-to-differential mixer can include a mixer circuit means. 
The mixer circuit means can be in communication with the differential input circuit 
means and responsive to the first and second signals and a second input signal to 
generate a differential mixer output signal. 

[0011] According to the second aspect, the first and second signals can comprise 
first and second current signals, respectively. The differential input circuit means can 
be configured as a differential amplifier means to convert the single-ended input 
signal from a voltage signal to the first and second current signals. The mixer circuit 
means can be configured as a double-balanced switching mixer means for generating 
the differential mixer output signal as a product of the first and second current signals 
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and the second input signal. According to the second aspect, the differential input 
circuit means can include a first cancellation circuit means and a second cancellation 
circuit means. The first and second cancellation circuit means can be responsive to 
the single-ended input signal. The first and second cancellation circuit means can be 
in cross-conrununication with the differential input circuit means. The first and 
second cancellation circuit means can cancel non-linear capacitance associated with 
the differential input circuit means. According to an exemplary embodiment, the first 
and second cancellation circuit means can each comprise an amplifier means, wherein 
each amplifier means includes first, second and third electrode means. For each 
amplifier means, a third electrode means of the amplifier means can be in 
conmiunication with a second electrode means of the amplifier means. The first 
electrode means of the amplifier means of each of the first and second cancellation 
circuit means can be in cross-communication with first electrode means of the 
differential input circuit. According to an exemplary embodiment, the differential 
input circuit means can comprise a first amplifier means and a second amplifier 
means configured as a differential amplifier means. The single-ended input signal can 
comprise a single-ended radio frequency input signal. The passive tank circuit means 
can provide a high impedance at a predetermined frequency of the single-ended input 
signal. According to an exemplary embodiment, the passive tank circuit means can 
comprise an inductive means. The passive tank circuit means can further comprise a 
tuning capacitive means arranged in parallel with the inductive means. A resonant 
frequency of the inductive means and tuning capacitive means can be substantially 
centered around a predetermined frequency of the single-ended input signal. 
According to an exemplary embodiment, the mixer circuit means can comprise a 
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Gilbert cell mixer means. The second input signal can comprise a local oscillator 
signal. 

[0012] According to the second aspect, the single-ended-to-differential mixer can 
include a limiter circuit means in communication with the mixer circuit means and 
responsive to the local oscillator signal. The limiter circuit means can limit a swing 
range of the local oscillator signal applied to the mixer circuit means. The single- 
ended-to-differential mixer can include a variable load means in communication with 
the mixer circuit means and responsive to the differential mixer output signal. The 
variable load means can be configured to cause the gain of the single-ended-to- 
differential mixer to vary. At least the differential input circuit means, the passive 
tank circuit means and the mixer circuit means are formed on a monolithic substrate. 
For example, the first cancellation circuit means and the second cancellation circuit 
means can be formed on the same monolithic substrate. The single-ended-to- 
differential mixer can comprise a mixer portion of a wireless transceiver means. The 
single-ended-to-differential mixer can be compliant with a standard selected from the 
group consisting of 802.1 1, 802.1 la, 802.1 lb, 802.1 Ig and 802.1 li. 

[0013] According to a third aspect of the present invention, a method for converting 
a single-ended input signal to a differential output signal can include the steps of: i.) 
providing: a single-ended-to-differential mixer, wherein the single-ended-to- 
differential mixer comprises: a differential input circuit having a single-ended input; a 
passive tank circuit, wherein the passive tank circuit is in communication between a 
reference voltage and the differential input circuit; and a mixer circuit, wherein the 

8 

Customer No.: 23624 



Attorney Docket No.: MP0330 



mixer circuit is in communication with the differential input circuit; ii.) receiving the 
single-ended input signal, using the differential input circuit; iii.) converting the 
single-ended input signal to first and second signals, using the differential input 
circuit; iv.) receiving the first and second signals and a second input signal, using the 
mixer circuit; and v.) generating a differential mixer output signal from the first and 
second signals and the second input signal, using the mixer circuit. 

[0014] According to the third aspect, the first and second signals can comprise first 
and second current signals, respectively. The differential input circuit can be 
configured as a differential amplifier to convert the single-ended input signal from a 
voltage signal to the first and second current signals. The mixer circuit can be 
configured as a double-balanced switching mixer for generating the differential mixer 
output signal as a product of the first and second current signals and the second input 
signal. According to the third aspect, the method can include the steps of: vi.) 
providing: a first cancellation circuit and a second cancellation circuit, wherein the 
first and second cancellation circuits can be responsive to the single-ended input 
signal, wherein the first and second cancellation circuits are in cross-conmiunication 
with the differential input circuit; and vii.) canceling non-linear capacitance 
associated with the differential input circuit, using the first and second cancellation 
circuits. According to an exemplary embodiment, the first and second cancellation 
circuits can each comprise a transistor. For each transistor, an emitter of the transistor 
can be in communication with a base of the transistor. Collectors of the transistors of 
each of the first and second cancellation circuits can be in cross-conmiunication with 
collectors of the differential input circuit. The differential input circuit can comprise a 
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first transistor and a second transistor configured as a differential amplifier pair. The 
single-ended input signal can comprise a single-ended radio frequency input signal. 
The passive tank circuit can provide a high impedance at a predetermined frequency 
of the single-ended input signal. According to an exemplary embodiment, the passive 
tank circuit can comprise an inductor. The passive tank circuit can further comprise a 
tuning capacitor arranged in parallel with the inductor. A resonant frequency of the 
inductor and tuning capacitor can be substantially centered around a predetermined 
frequency of the single-ended input signal. According to an exemplary embodiment, 
the mixer circuit can comprise a Gilbert cell mixer. The second input signal can 
comprise a local oscillator signal. 

[0015] According to the third aspect, the method can include the steps of: viii.) 
providing: a limiter circuit in communication with the mixer circuit; ix.) limiting a 
swing range of the local oscillator signal applied to the mixer circuit, using the limiter 
circuit; x.) providing: a variable load in communication with the mixer circuit and 
responsive to the differential mixer output signal; and xi.) varying the gain of the 
single-ended-to-differential mixer, using the variable load. At least the differential 
input circuit, the passive tank circuit and the mixer circuit can be formed on a 
monolithic substrate. For example, the first cancellation circuit and the second 
cancellation circuit can be formed on the same monolithic substrate. The single- 
ended-to-differential mixer can comprise a mixer portion of a wireless transceiver. 
The method can be compliant with a standard selected from the group consisting of 
802.11, 802.11a, 802.11b, 802.11g and 802.11i. 
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[0016] According to a fourth aspect of the present invention, a single-ended-to- 
differential mixer can include a differential input circuit having a single-ended input. 
The differential input circuit can be responsive to a single-ended input signal to 
generate first and second signals. The single-ended-to-differential mixer can include 
a first cancellation circuit and a second cancellation circuit. The first and second 
cancellation circuits can be responsive to the single-ended input signal. The first and 
second cancellation circuits can be in cross-communication with the differential input 
circuit. The first and second cancellation circuits can cancel non-linear capacitance 
associated with the differential input circuit. The single-ended-to-differential mixer 
can include a mixer circuit. The mixer circuit can be in communication with the 
differential input circuit and responsive to the first and second signals and a second 
input signal to generate a differential mixer output signal. 

[0017] According to the fourth aspect, the differential input circuit can comprise a 
first transistor and a second transistor configured as a differential amplifier pair. The 
single-ended input signal can comprise a single-ended radio frequency input signal. 
The first and second cancellation circuits each can comprise a transistor. For each 
transistor, an emitter of the transistor can be in conmiunication with a base of the 
transistor. Collectors of the transistors of each of the first and second cancellation 
circuits can be in cross-conununication with collectors of the differential input circuit. 
The first and second signals can comprise first and second current signals, 
respectively. The differential input circuit can be configured as a differential 
amplifier to convert the single-ended input signal from a voltage signal to the first and 
second current signals. The mixer circuit can be configured as a double-balanced 
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switching mixer for generating the differential mixer output signal as a product of the 
first and second current signals and the second input signal. According to the fourth 
aspect, the differential input circuit can further comprise a passive tank circuit. The 
passive tank circuit can be in communication between a reference voltage and the 
differential input circuit. The passive tank circuit can provide a high impedance at a 
predetermined frequency of the single-ended input signal. The passive tank circuit 
can comprise an inductor. The passive tank circuit can further comprise a tuning 
capacitor arranged in parallel with the inductor. A resonant frequency of the inductor 
and tuning capacitor can be substantially centered around a predetermined frequency 
of the single-ended input signal. 

[0018] According to the fourth aspect, the mixer circuit can comprise a Gilbert cell 
mixer. The second input signal can comprise a local oscillator signal. The single- 
ended-to-differential mixer can comprise a limiter circuit in communication with the 
mixer circuit and responsive to the local oscillator signal. The limiter circuit can limit 
a swing range of the local oscillator signal applied to the mixer circuit. The single- 
ended-to-differential mixer can comprise a variable load in communication with the 
mixer circuit and responsive to the differential mixer output signal. The variable load 
can be configured to cause the gain of the single-ended-to-differential mixer to vary. 
According to the fourth aspect, at least the differential input circuit, the first and 
second cancellation circuits, and the mixer circuit can be formed on a monolithic 
substrate. For example, a passive tank circuit can be formed on the same monolithic 
substrate. The single-ended-to-differential mixer can comprise a mixer portion of a 
wireless transceiver. The single-ended-to-differential mixer can be compliant with a 
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standard selected from the group consisting of 802.1 1, 802. 1 la, 802.1 lb, 802.1 Ig and 
802.1 li. 

[0019] According to a fifth aspect of the present invention, a single-ended-to- 
differential mixer can include a differential input circuit means having a single-ended 
input means. The differential input circuit means can be responsive to a single-ended 
input signal to generate first and second signals. The single-ended-to-differential 
mixer can include a first cancellation circuit means and a second cancellation circuit 
means. The first and second cancellation circuit means can be responsive to the 
single-ended input signal. The first and second cancellation circuit means can be in 
cross-communication with the differential input circuit means. The first and second 
cancellation circuit means can cancel non-linear capacitance associated with the 
differential input circuit means. The single-ended-to-differential mixer can include a 
mixer circuit means. The mixer circuit means can be in communication with the 
differential input circuit means and responsive to the first and second signals and a 
second input signal to generate a differential mixer output signal. 

[0020] According to the fifth aspect, the differential input circuit means comprises a 
first amplifler means and a second amplifier means configured as a differential 
amplifier means. The single-ended input signal can comprise a single-ended radio 
frequency input signal. The first and second cancellation circuit means each can 
comprise an amplifier means. Each amplifier means can include first, second and 
third electrode means. For each amplifier means, a third electrode means of the 
amplifier means can be in communication with a second electrode means of the 
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amplifier means. First electrode means of the amplifier means of each of the first and 
second cancellation circuit means can be in cross-communication with first electrode 
means of the differential input circuit. According to the fifth aspect, the first and 
second signals can comprise first and second current signals, respectively. The 
differential input circuit means can be configured as a differential amplifier means to 
convert the single-ended input signal from a voltage signal to the first and second 
current signals. The mixer circuit means can be configured as a double-balanced 
switching mixer means for generating the differential mixer output signal as a product 
of the first and second current signals and the second input signal. 

[0021] According to the fifth aspect, the differential input circuit means can further 
comprise a passive tank circuit means. The passive tank circuit means can be in 
conmiunication between a reference voltage and the differential input circuit means. 
The passive tank circuit means can provide a high impedance at a predetermined 
frequency of the single-ended input signal. The passive tank circuit means can 
comprise an inductive means. The passive tank circuit means can further comprise a 
tuning capacitive means arranged in parallel with the inductive means. A resonant 
frequency of the inductive means and tuning capacitive means can be substantially 
centered around a predetermined frequency of the single-ended input signal. The 
mixer circuit means can comprise a Gilbert cell mixer means. The second input 
signal can comprise a local oscillator signal. The single-ended-to-differential mixer 
can include a limiter circuit means in communication with the mixer circuit means 
and responsive to the local oscillator signal. The limiter circuit means can limit a 
swing range of the local oscillator signal applied to the mixer circuit means. The 
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single-ended-to-differential mixer can include a variable load means in 
communication with the mixer circuit means and responsive to the differential mixer 
output signal. The variable load means can be configured to cause the gain of the 
single-ended-to-differential mixer to vary. At least the differential input circuit 
means, the first and second cancellation circuit means and the mixer circuit means can 
be formed on a monolithic substrate. For example, a passive tank circuit can be 
formed on the same monolithic substrate. The single-ended-to-differential mixer can 
comprise a mixer portion of a wireless transceiver means. The single-ended-to- 
differential mixer can be compliant with a standard selected from the group consisting 
of 802. 1 1 , 802. 1 la, 802. 1 lb, 802. 1 Ig and 802. Hi. 

[0022] According to a sixth aspect of the present invention, a method for converting 
a single-ended input signal to a differential output signal can include the steps of: i.) 
providing: a single-ended-to-differential mixer, wherein the single-ended-to- 
differential mixer comprises: a differential input circuit having a single-ended input; a 
first cancellation circuit and a second cancellation circuit, wherein the first and second 
cancellation circuits are in cross-communication with the differential input circuit; 
and a mixer circuit, wherein the mixer circuit is in communication with the 
differential input circuit; ii.) receiving the single-ended input signal, using the 
differential input circuit; iii.) canceling non-linear capacitance associated with the 
differential input circuit, using the first and second cancellation circuits; iv.) 
converting the single-ended input signal to first and second signals, using the 
differential input circuit; and v.) receiving the first and second signals and a second 
input signal, using the mixer circuit; and vi.) generating a differential mixer output 
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signal from the first and second signals and the second input signal, using the mixer 
circuit. 

[0023] According to the sixth aspect, the differential input circuit can comprise a 
first transistor and a second transistor configured as a differential amplifier pair. The 
single-ended input signal can comprise a single-ended radio frequency input signal. 
The first and second cancellation circuits each can comprise a transistor. For each 
transistor, an emitter of the transistor can be in communication with a base of the 
transistor. Collectors of the transistors of each of the first and second cancellation 
circuits can be in cross-communication with collectors of the differential input circuit. 
According to the sixth aspect, the first and second signals can comprise first and 
second current signals, respectively. The differential input circuit can be configured 
as a differential amplifier to convert the single-ended input signal from a voltage 
signal to the first and second current signals. The mixer circuit can be configured as a 
double-balanced switching mixer for generating the differential mixer output signal as 
a product of the first and second current signals and the second input signal. The 
method can comprise the steps of: vii.) providing: a passive tank circuit, wherein the 
passive tank circuit is in communication between a reference voltage and the 
differential input circuit. The passive tank circuit can provide a high impedance at a 
predetermined frequency of the single-ended input signal. The passive tank circuit 
comprises an inductor. The passive tank circuit can further comprise a tuning 
capacitor arranged in parallel with the inductor. A resonant frequency of the inductor 
and tuning capacitor can be substantially centered around a predetermined frequency 
of the single-ended input signal. 
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[0024] According to the sixth aspect, the mixer circuit can comprise a Gilbert cell 
mixer. The second input signal can comprise a local oscillator signal. The method 
can include the steps of: viii.) providing: a limiter circuit in communication with the 
mixer circuit; ix.) limiting a swing range of the local oscillator signal applied to the 
mixer circuit, using the limiter circuit; x.) providing: a variable load in 
communication with the mixer circuit and responsive to the differential mixer output 
signal; and xi.) varying the gain of the single-ended-to-differential mixer, using the 
variable load. At least the differential input circuit, the first and second cancellation 
circuits, and the mixer circuit can be formed on a monolithic substrate. For example, 
a passive tank circuit can be formed on the same monolithic substrate. The single- 
ended-to-differential mixer can comprise a mixer portion of a wireless transceiver. 
The method can be compliant with a standard selected from the group consisting of 
802.11, 802.11a, 802.11b, 802.11gand 802.11i. 

[0025] According to a seventh aspect of the present invention, a single-ended-to- 
differential mixer can include a differential input circuit. The differential input circuit 
can be configured to receive a single-ended input signal. The differential input circuit 
can comprise a first transistor and a second transistor configured as a differential 
amplifier to convert the single-ended input signal from a voltage signal to first and 
second current signals. The differential input circuit can comprise a first cancellation 
circuit and a second cancellation circuit. The first cancellation circuit can comprise a 
third transistor. An emitter of the third transistor can be in communication with a 
base of the third transistor. The second cancellation circuit can comprise a fourth 
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transistor. An emitter of the fourth transistor can be in communication with a base of 
the fourth transistor. The first and second cancellation circuits can be configured to 
receive the single-ended input signal. The collectors of the first and second 
cancellation circuits can be in cross-communication with collectors of the differential 
amplifier of the differential input circuit. The first and second cancellation circuits 
can cancel non-linear capacitance associated with the. differential amplifier. 

[0026] According to the seventh aspect, the single-ended-to-differential mixer can 
include a tank circuit. The tank circuit can include an inductor. The tank circuit can 
also include a tuning capacitor arranged in parallel with the inductor. A resonant 
frequency of the inductor and tuning capacitor can be substantially centered around a 
predetermined frequency of the single-ended input signal. The tank circuit can be in 
communication between a ground and common emitters of the differential amplifier 
of the differential input circuit. According to exemplary embodiments, the tank 
circuit can be configured as a passive current source. The single-ended-to-differential 
mixer can include a mixer circuit. The mixer circuit can be in conrmiunication with 
the differential input circuit and configured to receive the first and second current 
signals. The mixer circuit can be configured to receive a second input signal. The 
mixer circuit can be configured as a Gilbert cell double-balanced switching mixer for 
generating a differential mixer output signal as a product of the first and second 
current signals and the second input signal. 

[0027] According to the seventh aspect, the single-ended input signal can comprise 
a single-ended radio frequency input signal. The tank circuit can provide a high 
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impedance at the predetermined frequency of the single-ended input signal. The 
second input signal can comprise a local oscillator signal. The single-ended-to- 
differential mixer can include a limiter circuit in communication with the mixer 
circuit and configured to receive the local oscillator signal. The limiter circuit can 
limit the swing range of the local oscillator signal applied to the mixer circuit. The 
single-ended-to-differential mixer can include a variable load in communication with 
the mixer circuit and configured to receive the differential mixer output signal. The 
variable load can be configured to cause the gain of the single-ended-to-differential 
mixer to vary. At least the differential input circuit, the tank circuit and the mixer 
circuit are formed on a monolithic substrate. For example, the first cancellation 
circuit and the second cancellation circuit can be formed on the same monolithic 
substrate. The single-ended-to-differential mixer can comprise a mixer portion of a 
wireless transceiver. The single-ended-to-differential mixer can be compliant with a 
standard selected from the group consisting of 802. 1 1 , 802. 11a, 802. lib, 802. 1 Ig and 
802.1 li. 

[0028] According to an eighth aspect of the present invention, a single-ended-to- 
differential mixer can include a differential input circuit means. The differential input 
circuit means can be configured to receive a single-ended input signal. The 
differential input circuit means can include a first amplifier means and a second 
amplifier means configured as a differential amplifier means to convert the single- 
ended input signal from a voltage signal to first and second current signals. Each 
amplifier means can include first, second and third electrode means. The differential 
input circuit can also include a first cancellation circuit means and a second 
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cancellation circuit means. The first cancellation circuit means can comprise a third 
amplifier means. A third electrode means of the third amplifier means can be in 
communication with a second electrode means of the third amplifier means. The 
second cancellation circuit means can comprise a fourth amplifier means. A third 
electrode means of the fourth amplifier means can be in communication with a second 
electrode means of the fourth amplifier means. The first and second cancellation 
circuit means can be configured to receive the single-ended input signal. First 
electrode means of the first and second cancellation circuit means can be in cross- 
communication with first electrode means of the differential amplifier means of the 
differential input circuit means. The first and second cancellation circuit means can 
cancel non-linear capacitance associated with the differential amplifier means. 

[0029] According to the eighth aspect, the single-ended-to-differential mixer can 
include a tank circuit means. The tank circuit means can include an inductive means. 
The tank circuit can also include a tuning capacitive means arranged in parallel with 
the inductive means. A resonant frequency of the inductive means and tuning 
capactive means can be substantially centered around a predetermined frequency of 
the single-ended input signal. The tank circuit means can be in conraiunication 
between a reference voltage and third electrode means of the differential amplifier 
means of the differential input circuit means. The tank circuit means can be 
configured as a passive current source means. The single-ended-to-differential mixer 
can include a mixer circuit means. The mixer circuit means can be in communication 
with the differential input circuit means and configured to receive the first and second 
current signals. The mixer circuit means can be configured to receive a second input 
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signal. The mixer circuit means can be configured as a Gilbert cell double-balanced 
switching mixer means for generating a differential mixer output signal as a product 
of the first and second current signals and the second input signal. The single-ended 
input signal can comprise a single-ended radio frequency input signal. The tank 
circuit means can provide a high impedance at the predetermined frequency of the 
single-ended input signal. The second input signal can comprise a local oscillator 
signal. 

[0030] According to the eighth aspect, the single-ended-to-differential mixer can 
include a limiter circuit means in communication with the mixer circuit means and 
configured to receive the local oscillator signal. The limiter circuit means can limit a 
swing range of the local oscillator signal applied to the mixer circuit means. The 
single-ended-to-differential mixer can include a variable load means in 
communication with the mixer circuit means and configured to receive the differential 
mixer output signal. The variable load means can be configured to cause the gain of 
the single-ended-to-differential mixer to vary. At least the differential input circuit 
means, the tank circuit means and the mixer circuit means can be formed on a 
monolithic substrate. The first cancellation circuit means and the second cancellation 
circuit means can be formed on the monolithic substrate. The single-ended-to- 
differential mixer can comprise a mixer portion of a wireless transceiver means. The 
single-ended-to-differential mixer can be compliant with a standard selected from the 
group consisting of 802.11, 802.11a, 802.11b, 802.11gand 802.11i. 
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BRffiF DESCRIPTION OF THE DRAWINGS 

[0031] Other objects and advantages of the present invention will become apparent 
to those skilled in the art upon reading the following detailed description of preferred 
embodiments, in conjunction with the accompanying drawings, wherein like reference 
numerals have been used to designate like elements, and wherein: 

[0032] FIG. 1 is a circuit diagram illustrating a mixer that can be used in radio 
frequency conununication systems. 

[0033] FIG. 2 is a circuit diagram illustrating a single-ended-to-differential mixer 
for converting a single-ended input signal to a differential output signal, in accordance 
with an exemplary embodiment of the present invention 

[0034] FIGS. 3A and 3B are flowcharts illustrating steps for converting a single- 
ended input signal to a differential output signal, in accordance with an exemplary 
embodiment of the present invention. 

[0035] FIGS. 4A and 4B are flowcharts illustrating steps for converting a single- 
ended input signal to a differential output signal, in accordance with an alternative 
exemplary embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0036] Exemplary embodiments of the present invention are directed to a system 
and method for converting a single-ended input signal to a differential output signal. 
According exemplary embodiments, a single-ended-to-differential mixer can include 
a differential input circuit. The differential input circuit can receive a single-ended 
input signal, such as a single-ended radio frequency (RF) signal. The differential 
input circuit can be comprised of two transistors configured as a differential amplifier 
to convert the single-ended input signal from a voltage signal into two current signals. 
According to an exemplary embodiment of the present invention, the differential input 
circuit can include a first and second cancellation circuits. The cancellation circuits 
are configured to receive the single-ended input signal. Each of the cancellation 
circuits can be comprised of a transistor in which the emitter of the transistor is 
coupled to the base of the transistor. The collectors of the first and second 
cancellation circuits are in cross-communication with collectors of the differential 
amplifier of the differential input circuit. In such a configuration, the first and second 
cancellation circuits can cancel non-linear capacitance associated with the differential 
amplifier, e.g., the collector- to-base junction capacitance, commonly referred to as the 
C|i capacitance (also referred to as "feed-forward capacitance"). The use of the 
cancellation circuits can improve the linearity performance of the single-ended-to- 
differential mixer. 

[0037] The single-ended-to-differential mixer can include a tank circuit. The tank 
circuit is in communication between a reference voltage (e.g., ground) and common 
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emitters of the differential amplifier of the differential input circuit. According to 
exemplary embodiments, the tank circuit is configured as a passive current source. 
According to an exemplary embodiment, the tank circuit can comprise an inductor 
and a tuning capacitor arranged in parallel with the inductor. The resonant frequency 
of the parallel inductor and tuning capacitor can be substantially centered around a 
predetermined frequency of the single-ended input signal. At the predetermined 
frequency, the tank circuit can provide a high impedance, so as to act as a current 
source at the resonant frequency, while requiring only minimal voltage headroom. 
The tank circuit according to exemplary embodiments can improve both the common 
mode rejection and linearity of the single-ended-to-differential mixer, while allowing 
the system to maintain a high gain. 

[0038] The single-ended-to-differential mixer can also include a mixer circuit. The 
mixer circuit is in communication with the differential input circuit and receives the 
two current signals. The mixer circuit can receive a second input signal, such as a 
local oscillator signal. The mixer circuit can be configured as a Gilbert-cell double- 
balanced switching mixer for generating a differential mixer output signal as a 
product of the two current signals and the local oscillator signal. 

[0039] These and other aspects of the present invention will now be described in 
greater detail. FIG. 2 is a circuit diagram illustrating a single-ended-to-differential 
mixer 200 for converting a single-ended input signal to a differential output signal, in 
accordance with an exemplary embodiment of the present invention. The single- 
ended-to-differential mixer 200 can include a differential input circuit 201. The 
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differential input circuit can be configured to receive a single-ended input signal, such 
as single-ended input signal 237. According to exemplary embodiments, the single- 
ended input signal 237 can be a single-ended RF input signal, such as voltage signal 
RFiN, although the single-ended input signal 237 can be any suitable type of electrical 
signal at any desired frequency. According to exemplary embodiments, one side of 
differential input circuit 201 can be connected to the single-ended input signal 237, 
while the other side can be, for example, AC grounded, such as through capacitor 231 
connected to reference voltage 232 (e.g., ground). 

[0040] According to exemplary embodiments, the differential input circuit 201 can 
be configured as a differential amplifier to convert the single-ended input signal 237 
from, for example, a voltage signal to first and second signals, such as, for example, 
first and second current signals louri and Iout2, respectively. The differential input 
circuit 201 can be any suitable combination of electrical or electronic components 
capable of converting the single-ended input signal 237 from a voltage signal to the 
first and second signals. For example, the differential input circuit 201 can be 
comprised of a first transistor 205 and a second transistor 207. The first and second 
transistors 205 and 207 can be configured as a differential amplifier pair. First and 
second transistors 205 and 207 can be any suitable type of transistor, such as a n-p-n 
or p-n-p junction transistor, a field-effect transistor (FET), metal-oxide semiconductor 
FET (MOSFET), or the like. According to exemplary embodiments, one side of 
differential input circuit 201 can be connected to the single-ended input signal 237, 
while the other side can be, for example, AC grounded, such as through capacitor 231 
connected to reference voltage 232. For example, the base of the first transistor 205 
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can be connected to the single-ended input signal 237, while the base of the second 
transistor 207 can be, for example, AC grounded. According to an exemplary 
embodiment, the differential input circuit 201 can be formed on a monolithic 
substrate. 

[0041] Additionally, the first and second transistors 205 and 207 can be biased by a 
constant bias voltage signal 243, such as, for example, Vbias* through resistors 233 
and 235 that are respectively connected to the bases of first and second transistors 205 
and 207. The amplitude of the bias voltage 243 and the values of the resistors 205 
and 207 will depend on the amount of biasing desired. In addition, the differential 
input circuit 201 can include resistors 209 and 21 1 connected to the emitters of first 
and second transistors 205 and 207, respectively. Resistors 209 and 211 are 
degeneration resistors that can serve to reduce the gain and improve the input linearity 
of the differential amplifier of the differential input circuit 201. The resistors 209 and 
211 should be chosen so as to provide an acceptable balance between gain and 
linearity, as large resistance values can improve linearity, but to the detriment of gain. 

[0042] The system 200 can include a passive tank circuit, such as, for example, 
passive tank circuit 221. The passive tank circuit 221 can be in communication 
between a reference voltage 223 (e.g., ground or any other suitable reference voltage) 
and common emitters of the differential amplifier of the differential input circuit 201, 
such as the common emitters of first and second transistors 205 and 207. For 
example, passive tank circuit 221 can be connected to differential input circuit 201 
using any suitable type of electrical connection capable of communicating electrical 
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signals, such as, for example, a wire. According to an exemplary embodiment, the 
passive tank circuit 221 can be formed on a monolithic substrate, such as the same 
monolithic substrate as differential input circuit 201. 

[0043] According to exemplary embodiments, the passive tank circuit 221 can be 
configured as a passive current source. As used herein, a "passive current source" is 
any suitable type of current source comprised of passive electrical elements, such as, 
for example, resistors, capacitors, and/or inductors, and not active electrical elements, 
such as transistors. According to exemplary embodiments, the passive tank circuit 
221 can be any suitable type of passive current source comprised of any appropriate 
combination of passive electrical elements capable of providing a high impedance at a 
predetermined frequency of the single-ended input signal 237. The predetermined 
frequency can be any desired frequency of the single-ended input signal 237, such as, 
for example, any desired radio frequency used for wireless communication. 
According to exemplary embodiments, the passive tank circuit 221 can aid in the 
single-ended-to-differential signal conversion performed by differential input circuit 
201 and improve the common mode rejection and linearity performance of the system 
200, while maintaining the high gain of the differential input circuit 201. 

[0044] According to an exemplary embodiment of the present invention, the passive 
tank circuit 221 can include an inductor, such as, for example, inductor 225. For 
example, at high frequencies, inductor 225 has a high impedance, so inductor 225 can 
act as a (passive) current source at such high frequencies. The passive tank circuit 
221 can also include a tuning capacitor, such as, for example, capacitor 227, arranged 
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in parallel with the inductor 225. For certain RF applications, the associated RF 
circuitry can be a narrowband system. Therefore, only a certain carrier band signal 
frequency within a certain narrow frequency band may be of interest. The inductor 
225 and capacitor 227 can each be of any appropriate value. According to exemplary 
embodiments, the values of inductor 225 and capacitor 227 can be chosen so that the 
resonant frequency of the parallel combination of inductor 225 and capacitor 227 is 
substantially centered around the predetermined frequency of the single-ended input 
signal 237. In other words, the resonant frequency can be, for example, the 
predetermined frequency. At the resonant frequency, the LC circuit comprised of the 
parallel combination of inductor 225 and capacitor 227 can provide a high impedance 
so that the LC circuit acts as a (passive) current source at the resonant frequency. 
Using such a passive current source according to exemplary embodiments requires 
minimal voltage headroom from the system 200. 

[0045] The system 200 can include a mixer circuit 251. According to exemplary 
embodiments, the mixer circuit 251 can be in conmiunication with the differential 
input circuit 201 and configured to receive the first and second signals, such as first 
and second current signals louri and Iout2. For example, the mixer circuit 201 can be 
connected to the collectors of first and second transistors 205 and 207 using any 
suitable type of electrical connection capable of communicating electrical signals, 
such as, for example, a wire. According to an exemplary embodiment, the mixer 
circuit 251 can be formed on a monolithic substrate, such as the same monolithic 
substrate as differential input circuit 201 and tank circuit 221. Additionally, the mixer 
circuit 251 can be configured to receive a second input signal. For example, the 
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second signal can be comprised of a local oscillator signal, such as local oscillator 
signals 239 (denoted "LOn") and 241 (denoted "LOp"). 

[0046] According to exemplary embodiments, the mixer circuit 251 can be 
configured as a double-balanced switching mixer for generating a differential mixer 
output signal 275 that is the product of the first and second signals, such as first and 
second current signals louri and Iout2» and the second input signal, such as local 
oscillator signals 239 and 241. The mixer circuit 251 can be any suitable type of 
double-balanced switching mixer capable of generating the differential mixer output 
signal 275. According to an exemplary embodiment, the mixer circuit 251 can be a 
Gilbert cell mixer. For example, the mixer circuit 251 can be comprised of a third 
transistor 255, a fourth transistor 257, a fifth transistor 259 and a sixth transistor 261 
configured as a Gilbert cell mixer. In such a configuration, the common emitters of 
third and fourth transistors 255 and 257 can be connected to the collector of first 
transistor 205 of the differential amplifier of differential input circuit 201. The 
conmion emitters of fifth and sixth transistors 259 and 261 can be connected to the 
collector of second transistor 207 of the differential amplifier of differential input 
circuit 201. 

[0047] Third, fourth, fifth and sixth transistors 255, 257, 259 and 261 can form a 
multiplication function that can multiply the first and second signals, such as first and 
second current signals Iouti and Iout2 (e.g., positive and negative current signals, 
respectively), from first and second transistors 205 and 207, respectively, with the 
second input signal (e.g., local oscillator signals 239 and 241) applied across third, 
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fourth, fifth and sixth transistors 255, 257, 259 and 261 to provide a switching 
function. More specifically, the first signal from first transistor 205 and its associated 
circuitry in the differential input circuit 201 can be switched between third and fourth 
transistors 255 and 257 in the mixer circuit 251. The second signal from second 
transistor 207 and its associated circuitry in the differential input circuit 201 can be 
switched between fifth and sixth transistors 259 and 261 in the mixer circuit 251. 
Such switching can produce a differential mixer intermediate frequency output signal 
(e.g., differential mixer output signal 275) when the system 200 is included in the 
receiver branch of a transmitter/receiver unit (e.g., when the single-ended input signal 
237 is a radio frequency signal) or a differential mixer radio frequency output signal 
(e.g., differential mixer output signal 275) when the system 200 is included in the 
transmitter branch of a transmitter/receiver unit (e.g., when the single-ended input 
signal 237 is an intermediate frequency signal). 

[0048] According to exemplary embodiments, two load resistors, such as loads 271, 
can form a current-to-voltage transformation to produce a differential output voltage 
signal. According to an alternative exemplary embodiment, the system 200 can 
include variable loads as loads 271. The loads 271 can be in communication with the 
mixer circuit 251 using any suitable type of electrical connection capable of 
conununicating electrical signals. According to an exemplary embodiment, the loads 
27 1 can be formed on a monolithic substrate, such as the same monolithic substrate as 
differential input circuit 201, passive tank circuit 221, and mixer circuit 251. The 
loads 271 can be configured to receive the differential mixer output signal 275. 
According to the alternative exemplary embodiment, the loads 271 can be configured 
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to cause the gain of the system 200 to vary. In other words, using loads 271 in the 
output of mixer circuit 251, a variable gain of the system 200 can be achieved. For 
example, PMOS devices biased into deep linear region can be switched in parallel 
with a resistive load to reduce the effective load resistance to be, for example, -6 dB, - 
12 dB, -18 dB, or any other appropriate values, lower. The gate bias of the PMOS 
devices can be controlled by a feedback to adjust the effective resistance of the PMOS 
devices to the desired value. A DC power supply voltage (Vdd) 273 for the system 
200 can be set at, for example, approximately 3V, or any other appropriate value. 

[0049] According to an exemplary embodiment, to further improve the linearity 
performance of the system 200, the differential input circuit 201 can include a first 
cancellation circuit 213 and a second cancellation circuit 215. The first and second 
cancellation circuits 213 and 215 can be used in combination with or alternatively to 
the passive tank circuit 221 . Each of the first and second transistors 205 and 207 can 
include a non-linear capacitance, e.g., the collector- to-base junction capacitance, 
commonly referred to as the Cp. capacitance. Since the single-ended input signal 237 
can swing, a signal swing imposed across a non-linear capacitance can create non- 
linear components in the output signals. According to exemplary embodiments, first 
and second cancellation circuits 213 and 215 can aid in reducing the effect to linearity 
introduced by the non-linear capacitance. 

[0050] The first and second cancellation circuits 213 and 215 can be configured to 
receive the single-ended input signal 237. For example, the first cancellation circuit 
213 can be connected to single-ended input signal 237, while second cancellation 
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circuit 215 can be, for example, AC grounded, such as through capacitor 231 
connected to reference voltage 232. According to an exemplary embodiment, the first 
and second cancellation circuits 213 and 215 can each be comprised of a transistor. 
For example, first cancellation circuit 213 can be comprised of seventh transistor 214, 
and second cancellation circuit 215 can be comprised of eighth transistor 216. For 
each of these transistors, the emitter of the transistor can be in communication with 
the base of the transistor. In other words, the emitter of the seventh transistor 214 can 
be connected to the base of the seventh transistor 214, and the emitter of the eighth 
transistor 216 can be connected to the base of the eighth transistor 216. In addition, 
the collectors of the first and second cancellation circuits 213 and 215 can be in cross- 
communication with the collectors of the differential amplifier of the differential input 
circuit 201. Thus, the collector of seventh transistor 214 can be connected to the 
collector of second transistor 207, and the collector of eighth transistor 216 can be 
connected to the collector of first transistor 205. In such a configuration, the first and 
second cancellation circuits 213 and 215 can cancel the non-linear capacitance, e.g., 
the collector-to-base junction capacitance, associated with the differential amplifier 
(e.g., first transistor 205 and second transistor 207) of the differential input circuit 
201. The first and second cancellation circuits 213 and 215 can be formed on a 
monolithic substrate, such as the same monolithic substrate as differential input circuit 
201, passive tank circuit 221, and mixer circuit 251. 

[0051] For the mixer circuit 251, when the swing of the second input signal (e.g., 
the local oscillator signals 239 and 241) is large, the noise contribution from the mixer 
circuit 251 can decrease. However, a larger swing of the local oscillator signal can 
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increase the common emitter jitter and could degrade the linearity performance of the 
mixer circuit 25 1 . Consequently, there can be an optimum swing range for a given 
mixer circuit 251. According to exemplary embodiments, the system 200 can include 
a limiter circuit 265 in communication with the mixer circuit 251. The limiter circuit 
265 can be connected to mixer circuit 251 using any suitable type of electrical 
connection capable of communicating electrical signals, such as, for example, a wire. 
According to an exemplary embodiment, the limiter circuit 265 can be formed on a 
monolithic substrate, such as the same monolithic substrate as differential input circuit 
201, first and second cancellation circuits 213 and 215, passive tank circuit 221 and 
mixer circuit 25 1 . The limiter circuit 265 can limit the swing range of the local 
oscillator signal applied to the mixer circuit 25 1 . The limiter circuit 265 can act as a 
buffer between the local oscillator providing the local oscillator signal and mixer 
circuit 251. The limiter circuit 265 can be any suitable combination of electrical or 
electronic components or devices capable of limiting the swing range of the local 
oscillator signal applied to the mixer circuit 251. 

[0052] According to exemplary embodiments, the system 200 can comprise, for 
example, a mixer portion of a wireless transceiver, although system 200 can be used 
in any suitable wired and wireless system. In addition, the system 200 can be 
compliant with a standard selected from the group consisting of 802.11, 802.1 la, 
802.11b, 802.1 Ig and 802.1 li, or any other suitable wired or wireless standard. 

[0053] FIGS. 3A and 3B are flowcharts illustrating steps for converting a single- 
ended input signal to a differential output signal, in accordance with an exemplary 
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embodiment of the present invention. In step 305, a single-ended-to-differential 
mixer can be provided. The single-ended-to-differential mixer can include a 
differential input circuit having a single-ended input that can be configured as a 
differential amplifier. According to an exemplary embodiment, the differential 
amplifier can comprise a first transistor and a second transistor configured as a 
differential amplifier pair. The single-ended-to-differential mixer can include a 
passive tank circuit in communication between a reference voltage and common 
emitters of the differential amplifier of the differential input circuit. According to 
exemplary embodiments, the passive tank circuit can be configured as a passive 
current source. The passive tank circuit can provide a high impedance at a 
predetermined frequency of a single-ended input signal. According to an exemplary 
embodiment, the passive tank circuit can comprise an inductor. The passive tank 
circuit can further comprise a tuning capacitor arranged in parallel with the inductor. 
According to exemplary embodiments, the resonant frequency of the inductor and ^ 
tuning capacitor can be substantially centered around the predetermined frequency of 
the single-ended input signal. The single-ended-to-differential mixer can also include 
a mixer circuit in communication with the differential input circuit. The mixer circuit 
can be configured as a double-balanced switching mixer. For example, the mixer 
circuit can comprise a Gilbert cell mixer. 

[0054] Optionally, in step 310 of FIG. 3 A, a first cancellation circuit and a second 
cancellation circuit can be provided. The first and second cancellation circuits can be 
configured to receive a single-ended input signal. The single-ended input signal can 
comprise, for example, a single-ended radio frequency (RF) input signal, or any other 
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suitable type of single-ended input signal of any appropriate frequency. According to 
exemplary embodiments, the first and second cancellation circuits can each comprise 
a transistor. For each transistor, an emitter of the transistor can be in conmiunication 
with a base of the transistor. According to exemplary embodiments, collectors of the 
transistors of each of the first and second cancellation circuits can be in cross- 
conmiunication with collectors of a differential amplifier of a differential input circuit. 
Optionally, in step 315, a limiter circuit in conmiunication with a mixer circuit can be 
provided. Optionally, in step 320, a variable load in communication with the mixer 
circuit can be provided. 

[0055] In step 325, the single-ended input signal can be received using the 
differential input circuit. Optionally, in step 330, non-linear capacitance associated 
with the differential amplifier, e.g., the collector-to-base junction capacitance, can be 
canceled using the first and second cancellation circuits. In step 335, the single-ended 
input signal can be converted to first and second signals using the differential input 
circuit. For example, the first and second signals can be first and second signals, and 
the differential input circuit can be configured as a differential amplifier to convert a 
voltage signal to the first and second current signals. 

[0056] Optionally, in step 340 of FIG. 3B, the swing range of the local oscillator 
signal applied to the mixer circuit can be limited using the limiter circuit. In step 345, 
the first and second signals and a second input signal can be received using the mixer 
circuit. According to an exemplary embodiment, the second input signal can 
comprise a local oscillator signal. In step 350, a differential mixer output signal can 
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be generated from the first and second signals and the second input signal, using the 
mixer circuit. Optionally, in step 355, the gain of the single-ended-to-differential 
mixer can be varied using the variable load. 

[0057] According to exemplary embodiments, at least the differential input circuit, 
the passive tank circuit and the mixer circuit can be formed on a monolithic substrate. 
For example, the first and second cancellation circuits can also be formed on the same 
monolithic substrate. According to exemplary embodiments, the single-ended-to- 
differential mixer can comprise a mixer portion of a wireless transceiver, although 
exemplary embodiments of the present invention can be used in any suitable wired 
and wireless application. Additionally, the method according to exemplary 
embodiments can be compliant with a standard selected from the group consisting of 
802.1 1, 802.1 la, 802.1 lb, 802.1 Ig and 802.1 li, or any other suitable wired or 
wireless standard. 

[0058] FIGS. 4A and 4B are flowcharts illustrating steps for converting a single- 
ended input signal to a differential output signal, in accordance with an alternative 
exemplary embodiment of the present invention. In step 405 of FIG. 4A, a single- 
ended-to-differential mixer can be provided. The single-ended-to-differential mixer 
can include a differential input circuit having a single-ended input. According to an 
exemplary embodiment, the differential input circuit can comprise a first transistor 
and a second transistor configured as a differential amplifier pair. The single-ended- 
to-differential mixer can include a first cancellation circuit and a second cancellation 
circuit. The first and second cancellation circuits can be responsive to the single- 
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ended input signal. The single-ended input signal can comprise, for example, a 
single-ended radio frequency (RF) input signal, or any other suitable type of single- 
ended input signal of any appropriate frequency. According to exemplary 
embodiments, the first and second cancellation circuits can each comprise a transistor. 
For each transistor, an emitter of the transistor can be in communication with a base 
of the transistor. The first and second cancellation circuits can be in cross- 
communication with the differential input circuit. For example, collectors of the 
transistors of each of the first and second cancellation circuits can be in cross- 
communication with collectors of the differential input circuit. The single-ended-to- 
differential mixer can also include a mixer circuit in communication with the 
differential input circuit. The mixer circuit can be configured as a double-balanced 
switching mixer. For example, the mixer circuit can comprise a Gilbert cell mixer. 

[0059] Optionally, in step 410, a passive tank circuit can be provided. The passive 
tank circuit can be in communication between a reference voltage and the differential 
input circuit. The passive tank circuit can provide a high impedance at a 
predetermined frequency of the single-ended input signal. According to an exemplary 
embodiment, the passive tank circuit can comprise an inductor. The passive tank 
circuit can further comprise a tuning capacitor arranged in parallel with the inductor. 
According to exemplary embodiments, the resonant frequency of the inductor and 
tuning capacitor can be substantially centered around the predetermined frequency of 
the single-ended input signal. Optionally, in step 415, a limiter circuit in 
communication with the mixer circuit can be provided. Optionally, in step 420, a 
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variable load can be provided. The variable load can be in communication with the 
mixer circuit and responsive to a differential mixer output signal. 

[0060] In step 425, the single-ended input signal can be received using the 
differential input circuit. In step 430, non-linear capacitance associated with the 
differential input circuit, e.g., the collector-to-base junction capacitance of the 
differential amplifier, can be canceled using the first and second cancellation circuits. 
In step 435, the single-ended input signal can be converted to first and second signals 
using the differential input circuit. For example, the first and second signals can be 
first and second signals, and the differential input circuit can be configured as a 
differential amplifier to convert a voltage signal to the first and second current signals. 

[0061] Optionally, in step 440 of FIG. 4B, the swing range of the local oscillator 
signal applied to the mixer circuit can be limited using the limiter circuit. In step 445, 
the first and second signals and a second input signal can be received using the mixer 
circuit. According to an exemplary embodiment, the second input signal can 
comprise a local oscillator signal. In step 450, a differential mixer output signal can 
be generated from the first and second signals and the second input signal, using the 
mixer circuit. According to exemplary embodiments, the mixer circuit can be 
configured as a double-balanced switching mixer for generating the differential mixer 
output signal as a product of the first and second current signals and the second input 
signal. Optionally, in step 455, the gain of the single-ended-to-differential mixer can 
be varied using the variable load. 
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[0062] According to exemplary embodiments, at least the differential input circuit, 
the first and second cancellation circuits and the mixer circuit can be formed on a 
monolithic substrate. For example, the passive tank circuit can also be formed on the 
same monolithic substrate. According to exemplary embodiments, the single-ended- 
to-differential mixer can comprise a mixer portion of a wireless transceiver, although 
exemplary embodiments of the present invention can be used in any suitable wired 
and wireless application. Additionally, the method according to exemplary 
embodiments can be compliant with a standard selected from the group consisting of 
802. 11, 802. 1 la, 802. 1 lb, 802. 1 Ig and 802. 1 li, or any other suitable wired or 
wireless standard. 

[0063] Exemplary embodiments of the present invention can be used in any device 
or system that communicates information, including both wired and wireless 
communication systems, particularly where a high linearity performance, high gain, ^ 
single-to-differential signal mixer can be used in a transceiver system. For example, 
exemplary embodiments can be used in cellular telephone and other wireless 
communication devices. 

[0064] It will be appreciated by those of ordinary skill in the art that the present 
invention can be embodied in various specific forms without departing from the spirit 
or essential characteristics thereof.* The presently disclosed embodiments are 
considered in all respects to be illustrative and not restrictive. The scope of the 
invention is indicated by the appended claims, rather than the foregoing description, 
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and all changes that come within the meaning and range of equivalence thereof are 
intended to be embraced. 

[0065] All United States patents and applications, foreign patents, and publications 
discussed above are hereby incorporated herein by reference in their entireties. 
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